SUMMARY Patients (125) who had carotid transient ischemic attacks (TIAs) and one or more accessible carotid lesions visualized angiographically had reconstructive operations of the carotid artery and were then randomly assigned to aspirin or placebo treatment. They were followed to determine the incidence of subsequent TIAs, death, cerebral infarction, or retinal infarction.
THE FOLLOWING report is the second to be published from the Aspirin in Transient Ischemic Attacks (AITIA) Study, a cooperative clinical trial designed to test the effectiveness of aspirin in vivo in the treatment of cerebral arterial thromboembolism and its consequences. The 2 main objectives of the AITIA study were to determine 1) whether oral administration of aspirin would result in the reduction or prevention of transient cerebral ischemic attacks (TIAs) of the hemispheric type and of transient monocular blindness or partial blindness (amaurosis fugax) and 2) whether oral administration of aspirin would result in a reduction of cerebral infarction and stroke-related mortality.
In the initial publication, 1 details of the study design, criteria for selection of patients, follow up surveillance, and study results for nonsurgical patients were described. This report presents the results of a study of patients who had reconstructive operations of the carotid artery before being randomly allocated to either aspirin or placebo.
Design and Methods
The major design features of the AITIA trial are outlined below.
1. Ten institutions throughout the United States plus a Central Registry-Drug Distribution Center* participated in the study.
2. The drugs compared were aspirin and an indistinguishable placebo, administered at a daily fixed dose.
3. Only subjects having episodes of monocular blindness or cerebral hemispheric type of TIA were eligible for admission to the study. Subjects with i l l -defined symptoms, severe neurological deficits, or nonlateralized symptoms only were excluded. It was also a requirement that the patient's most recent TIA occurred not more than 3 months prior to randomization.
4. Following baseline clinical and laboratory evaluation of the patient, including arteriography, a decision was made by the responsible physician regarding surgical intervention, thereby determining the group into which the patient would be assignedeither medical or surgical. In general, criteria used in selection of patients for surgical treatment varied from institution to institution. The majority of institutions selected for surgery those patients with 1) isolated carotid stenosis on the side appropriate to the symptoms in a patient considered a good surgical risk; 2) ulcerated internal carotid artery atherosclerotic plaques on the side appropriate to the symptoms.
Patients excluded from surgery generally had multiple atherosclerotic lesions in cerebral or cervical arteries.
5. A double-blind randomization took place independently within each group (medical or surgical) and allocation made to either aspirin or placebo. In the surgical group, the study medication (aspirin or placebo) was scheduled to begin 5 days after surgery.
6. Overall mortality, stroke-related mortality, retinal infarction, and nonfatal cerebral infarction were considered as end points. Also, TIA experience, prerandomization and postrandomization, was used for end point construction.
7. Follow up visits were scheduled at 4-week intervals during the first 6 months following dismissal from the hospital and thereafter at 3-month intervals for the duration of the study.
8. Follow up evaluations were done in a "blind" fashion. Drug adherence was monitored by the Central Registry in cooperation with a "control officer" at each participating institution.
9. The first patients were admitted in October 1972; admissions continued until June 1, 1975 . The study was terminated formally on November 1, 1975. 10. Each participating institution required an independent review to ensure adequate safeguards for the rights and welfare of the subjects at risk. 
Results

Study Population
The study protocol defined a surgical candidate as "a patient with 1 or more accessible carotid lesions visualized angiographically, who meets all the other criteria for admission to the study and who has agreed to surgery as the clinical treatment of choice." A nonsurgical candidate was "a patient for whom the clinical decision was made not to operate for at least 1 of the following reasons: 1) the lesion, although in the carotid system on the side appropriate to the symptoms, was surgically inaccessible; 2) the patient refused surgery but agreed to enter the controlled clinical drug trial; or 3) the clinician felt that surgery was not appropriate for reasons which did not exclude the patient from the study." The decision regarding the assignment of a patient to either the medical or the surgical group was strictly based on the clinical judgment of the attending physician. In fact, over half of the patients in the nonoperated (medical) group had lesions that in many centers would have been considered suitable for operation. Study results for the nonoperated individuals were reported in the initial AITIA publication. Table 1 presents the 2 randomized series (medical and surgical) by "percentage surgical" and institution. Two of the 10 institutions had more patients clinically allocated to surgical therapy than to medical. The variation in "percentage surgical" reflects local judgment, referral patterns, and patient consent.
Random allocation to drug therapy (aspirin or placebo) was done postoperatively in the surgical group. The original design intended that randomization would take place about 5 days after surgery. Randomization following surgery was done because of the suspicion that preoperative administration of aspirin might interfere with intraoperative hemostasis and this observation might indicate whether the subject was receiving aspirin or placebo.
Baseline Comparisons
A total of 130 surgically treated patients from 10 institutions were randomly allocated to either aspirin (650 mg) or placebo tablets twice daily after meals.
Five patients (3 aspirin, 2 placebo) were excluded from the study after undergoing randomization. Two of these individuals had findings suggestive of a brain tumor, 2 had not had a carotid TIA in the 3 months prior to randomization, and 1 patient had an unclassified platelet abnormality which caused him to show inhibition of aggregation on repeated tests even though he was on no drugs. In each instance, the Central Registry made the decision to exclude the patient after consultation with the principal investigator who had admitted the patient. Table 2 presents (by treatment category) the numbers and percentages of patients with selected baseline findings. In the surgical group, there were 65 persons assigned to aspirin and 60 to placebo. Randomization produced approximate comparability for all relevant variables. Definitions of each of the variables may be found in the initial AITIA report. 1 The study groups can be demographically characterized as age 55 years or older, white, and male. Symptoms of cerebrovascular disease were of relatively recent origin and characterized by multiple TIAs with a history (proximate to randomization) of hemispheric events and cardiovascular disease.
Not all of the patients were randomized to the study drugs exactly 5 days after surgery; however, 60 to 70% were randomized within 1 week of surgery.
Variable 20 (table 2) indicates the number of patients who had been on platelet antiaggregant drugs prior to admission to the study. As mentioned in the previous report, this variable was interpreted differently among the participating institutions. Some investigators checked this item "yes" if the patient took aspirin for an occasional headache or if the patient had taken 1 or 2 aspirin just before entering the hospital. The Central Registry requested details of doubtful cases and included only those individuals who were taking a platelet antiaggregant on a regular basis before admission to the study. This reduced the numbers to 6 in the aspirin group and 9 in the placebo group.
The only variable in table 2 with any tendency toward imbalance was variable 12, History of Peripheral Vascular Disease. However, the difference in distribution between the aspirin and placebo groups is not statistically significant at the 5% level (0.05 < P < 0.10), and this trait is a concomitant of the other cardiovascular categories. The remaining variables were well balanced between the 2 drug groups, indicating that the randomization process had produced roughly homogeneous groups for comparison.
Carotid Lesions
A radiologist at each institution reviewed the arteriograms and classified each lesion according to degree of stenosis (less than 50%, 50 to 99%, or occlusion) and the appearance of the atheromatous lesion as smooth or ulcerated. Following surgery, the pathological specimen was described according to 1 or more of the following characteristics: appearance of the lesion (smooth plaque, ulcerated plaque, atherothrombotic plaque, intimal fold, or ulcer with cholesterol material only) and the nature of the throm- JUS, if present (white thrombus, red thrombus, or aminated mixed thrombus).
In the aspirin group, 70 carotid operations were per-"ormed on the 65 patients (5 had bilateral surgery). In 54 instances (77%), there was agreement between the •adiologist's assessment of the lesion demonstrated ind that of the surgical pathologist. In most of the 16 :ases where there was disagreement, there were ul-;erated lesions described by the pathologist which the •adiologist had categorized as "smooth." Such a dis-:repancy may occur when an ulcer is covered by i thrombus, resulting in a smooth appearance on the K-ray.
In the placebo group, 68 carotid operations were )erformed on the 60 patients (8 had bilateral surgery), n 1 case the surgical pathology was not recorded. In il instances (91%), there was agreement between the adiologist's assessment of the lesion and that of the urgical pathologist. Again, in 5 of the 6 cases where here was disagreement, the pathological specimens vere noted to be roughened or ulcerated although the adiologist had classified them as "smooth."
ijid Point Results
The absolute end points were mortality, cerebral inarction, and retinal infarction. If a retinal infarction ir a nonfatal cerebral infarction occurred, the patient was withdrawn from the study so that therapy of the physician's choice could be considered. Nonfatal cardiovascular events, such as myocardial infarction, were not considered as end points. Specific clinical details for each patient reaching an absolute end point within 24 months after randomization are presented in tables 3 and 4. Table 3 gives a description of each patient (8 aspirin, 8 placebo) by sex, race, age, type of end point event, time of occurrence of event, and follow up information after end point on those persons surviving. Table 4 lists additional data on the same 16 individuals -carotid lesions observed arteriographically, side of carotid surgery, and area of brain infarction for those who suffered strokes.
A longitudinal analysis of the incidence of these end points was accomplished by application of medical follow up life table methods. Table 5 presents a complete 24-month life table for each treatment group. Table 6 is a summary of the life table analysis for the aspirin and placebo groups. This table provides actuarial estimates of the cumulative probability, Q, of the occurrence of an absolute end point at the end of 6, 12, 18, and 24 months following randomization. The ratio (placebo/aspirin) of the cumulative probabilities decreased from 2.24 at 6 months to 0.83 at 24 months. The differences observed between the aspirin and placebo groups are not statistically significant at the 5% level. It is of interest to examine the type of end point events reported in the aspirin and placebo groups (table 3) . There were 8 patients who reached an absolute end point within 24 months in the aspirin group and also 8 in the placebo group. All 8 of the end points among the placebo patients were brain infarcts and 6 of these occurred within 10 months after randomization. Among the aspirin treated patients, 6 of the 8 end points were cardiovascular deaths and these tended to occur during a later time period (4 of them between 11 and 24 months of follow up).
The reason for this difference is not known. It can be postulated that aspirin has an effect on cerebrovascular disease and that those individuals taking aspirin did not suffer strokes but succumbed (at a later time) to their cardiac problems, perhaps as a consequence of arrhythmia which one would not expect to be affected by aspirin.
Several observations may help to explain the unusual split of cardiovascular mortality (6 aspirin, 0 placebo) in the surgical group. At baseline, the 2 treatment groups were balanced on percentages of the patient population with histories of angina, myocardial infarction, and peripheral vascular disease. However, on comparing the treatment groups by cardiovascular risk factors at 12 months postrandomization, it was apparent that the 2 groups were no longer balanced More placebo patients with risk factors had experienced end point or withdrawal. This left th« aspirin group with a higher percentage of persons with cardiovascular risk factors. For example, at 1] months follow up, 29.3% of the remaining aspirir patients had a history of peripheral vascular disease versus 12.5% of placebo patients. A history of angina was 24.2% versus 10.3%; previous myocardial infarction was 17.1% versus 10.3%. Because of this disproportion, the aspirin group would be expected tc have more cardiovascular deaths during the latei months of the study.
Also, there was an imbalance in the numbers ol cases at risk beginning at month 12 in the life table. Al that point there were 41 aspirin cases and 32 placebc cases still at risk. This differential could also be a factor contributing to the observed mortality split.
Third, correlated to the use of absolute end points (which included both fatal and nonfatal events), the exact number of cardiovascular deaths within 24 months of randomization cannot be ascertained. There was no study requirement for follow up beyond nonfatal end point or follow up beyond withdrawal. point or withdrawal on all cases, the data remain incomplete. The vital status at 24 months is definitely known for 34 (52%) of the original 65 aspirin patients and for 28 (47%) of the 60 placebo patients. It was documented that 2 additional patients from the placebo group and 1 from the aspirin group died of cardiovascular causes within the 2-year period. These deaths occurred 2, 11, and 14 months after reaching an end point or withdrawal from the study.
These 3 factors discussed above are evidence consistent with the hypothesis of no real difference in the risk of cardiovascular mortality between the treatment groups.
If we reconstruct a life table of absolute end points by eliminating deaths from causes other than cerebral or retinal infarction, then a significant difference in favor of aspirin emerges. Table 7 presents such an analysis. The ratio (placebo/aspirin) of the cumulative probabilities of a fatal or nonfatal cerebrovascular event decreases from 4.75 at 6 months to 3.03 at 24 months. The cerebrovascular end points are unequivocal and the majority of withdrawals were for reasons unrelated to cerebrovascular disease. The small numbers of patients and the short time of follow up require that the results be interpreted as not conclusive of an aspirin effect in preventing cerebral infarction.
Since the primary objective of this investigation was to determine whether the oral administration of aspirin would result in a reduction of carotid transient ischemic attacks, a second class of end points was used to evaluate the patient's experience postrandomization. Each patient's experience during the first six months of follow up was categorized as "favorable" or "unfavorable" depending upon 1) the number of TIAs reported 2) the occurrence of either cerebral or retinal infarction, and 3) mortality. An outcome was considered "unfavorable" if: 1) the patient died during the first 6 months of follow up, or 2) the patient survived the first 6 months but experienced a cerebral or retinal infarction during that time period, or 3) the patient survived and did not have a cerebral or retinal infarction during the first 6 months but the number of TIAs during that time was greater than or equal to the number of TIAs reported in the 3 months prior to randomization. All the remaining patients who completed 6 months of follow up were classified as "favorable." Subjects who did not complete the full 6 months of observation were labeled "less than 6 months follow up."
The 6-month versus 3-month period was used for classification purposes for the following reasons: 1) the patients were seen monthly each of the first 6 months and, thus, this period provided a uniform reporting interval for both the aspirin and placebo treatment groups; 2) a 50% reduction in TIAs within 6 months is required to judge a treatment successful; and 3) the analysis is easily reproducible for comparison with similar studies. The classification scheme described above is also attractive since in it each patient serves as his own control. The classification of patients into favorable or unfavorable clinical outcomes was accomplished by a consulting physician at the Central Registry. Table 8 presents the results of the clinical classification procedure. As observed in the life tables, there was an excess of absolute end points reported within the placebo group during the first six months. However, the use of a 6-month reporting period minimizes the influence of cardiovascular deaths on the total aspirin-placebo comparison. (There was only 1 cardiovascular death in the aspirin group during the first 6 months.) There is a difference of cases (8 placebo versus 4 aspirin) classified as unfavorable by the criterion of excessive ratio of TIAs. Table 9 gives the specific numbers of TIAs for the 8 placebo and the 4 aspirin patients who experienced sufficient TIAs to be labeled as unfavorable.
As indicated in table 8 , not all of the individuals could be observed for the complete 6-month reporting period or to the occurrence of a clinical end point. There were 13 of 65 patients (20.0%) in the aspirin group and 11 of 60 patients (18.3%) in the placebo group who did not complete 6 months of follow up. Excluding those who did not have 6 months of follow up, the clinical outcomes indicated that 6 of 52 (11.5%) cases in the aspirin group and 12 of 49 (24.5%) in the placebo group were classified as unfavorable outcomes. Although the observed difference is not statistically significant at the 5% level, the result is consistent with the earlier finding reported for nonsurgical patients.
The effects of institutional variation on the overall comparison of the observed percentage difference of unfavorable results between the aspirin and placebo groups is presented in table 10. Of the 10 institutions, 6 reported a higher percentage unfavorable for the placebo group, 1 reported a higher percentage for the aspirin group, 1 reported equal percentages for the 2 groups, and 2 reported no unfavorable results for either treatment group.
The data were also stratified by history of TIA symptomatology. TIA symptomatology refers to the number of transient ischemic episodes reported by the patient before admission to the study. Individuals reporting a history of only a single transient event are included in the "single" category, while those with a reported history of more than 1 event comprise the "multiple" group. Table 11 presents the treatment groups classified by clinical outcome and history of TIA symptomatology. Within both the single and multiple attack groups, the percentage of aspirin treated patients classified as unfavorable is about half of that reported for the placebo groups. Although the results are not statistically significant, they are consistent and support the earlier findings for nonsurgical patients. Among the nonsurgical patients there was a similar differential -the percentage of aspirin treated patients (in both single and multiple attack groups) classified as unfavorable was slightly in excess of half of that reported for the placebo groups. However, in the surgical group, the absolute level of unfavorable outcomes is about half of the percentage of unfavorable cases reported for the nonsurgical group. This differential may reflect the independent effect of surgery. There may also have been other factors, such as patient selection, accounting for the difference. This study was not designed to test the efficacy of surgical versus medical therapy. Each group was randomized independently.
Drug Compliance
At each follow up visit, the following steps were taken in order to assess the patient's adherence to the study drug regimen: 1) interview and questioning by a neurologist, 2) review of patient's daily diary for other drugs taken concurrently, 3) platelet aggregation test, Since the platelet aggregation test was probably the most reliable check on compliance, the result of each follow up test was recorded at the Central Registry but was not known by the attending physician.
In the aspirin group of 65 patients, a total of 284 platelet aggregation tests were done during the first 6 months of the study. Some subjects reached end points during that period, were lost to follow up or withdrawn for a variety of reasons, so each of the 65 persons did not have a total of 6 tests. Of the 284 tests recorded, 266 showed platelet aggregation inhibition (aspirin response). Three more tests were recorded as "equivocal," indicating some inhibition of platelet aggregation but perhaps not to the extent expected for a patient on a daily intake of 1300 mg of aspirin. However, if these 3 tests are included as showing some aspirin response, 269 tests (of a total of 284 done) revealed that patients were complying by taking their study drug.
In the placebo group of 60 patients, a total of 271 platelet aggregation tests were done during the first 6 months of the study. Of these, 219 tests revealed a normal response, i.e., there was no inhibition of platelet aggregation.
The results of the platelet aggregation tests were also related to compliance in the following manner. Table 12 shows the number of patients having an aspirin response 100% of the time. The percentages are graduated down to the zero level, at which point there were 28 patients receiving placebo who never showed any aspirin response and no patients taking aspirin who never showed an aspirin response.
The patients (4 aspirin, 3 placebo) not subjected to laboratory examination (listed in table 12 as "not tested") were primarily those who reached an end point or were withdrawn before their first follow up visit. In others where an end point or withdrawal occurred early, follow up laboratory work was accomplished and reported.
There were 51 patients in the aspirin group (78.5%) who always showed an aspirin response. There were 4 patients receiving placebo who always had an aspirin response on platelet aggregation testing. Three of these patients had had only 1 test done before end point or withdrawal and the fourth patient had had 2 tests. Two of these cases showed no urine salicylate and 2 showed urine salicylate present. Three of these patients were taking other medications in addition to the study placebo. None of the concurrent medications was on the list of drugs known to influence platelet aggregation, but future studies may reveal that such an effect exists.
Reported Adverse Reactions to Medication
Four patients taking aspirin and 1 taking placebo withdrew from the study because they felt ill on the medication. Symptoms included stomach upset, diarrhea, and a "shaky" feeling. None of these cases showed positive stool guaiac tests. Three of these individuals from the aspirin group who had abdominal complaints had a remote history of peptic ulcer on admission to the study.
Among the aspirin group of 65 subjects, a total of 16 patients had positive stool guaiac tests on 1 or more examinations during the follow up period, while 7 persons from the placebo group had at least 1 positive test.
Five patients receiving aspirin had evidence of hemorrhagic complications or the development of a peptic ulcer which, in some cases, appeared to be related to the study medication. The following is a brief description of these individuals: Case 1. A 56-year-old white male had skin ecchymoses noted during the routine follow up visit at 9 months. The study medication was discontinued for 1 week and then resumed without recurrence of the ecchymoses during an additional 17 months of follow up. His physician felt that the ecchymoses were due to ingestion of a laxative containing phenolphthalein.
Case 2. A 48-year-old white male was withdrawn after 12 months of follow up because of upper gastrointestinal hemorrhage. This was sudden and severe without warning symptoms and required transfusions and hemigastrectomy. There had also been an increase in alcohol intake before the hemorrhage. At 23 months follow up the man was doing well.
Case 3. A 46-year-old white female was withdrawn at 20 months of follow up after admission to a hospital with a stomach ulcer. She gave no history of peptic ulcer when she entered the study, but had had several positive stool guaiac tests. At 30 months follow up she was working and was neurologically intact.
Case 4. A 56-year-old white male was withdrawn at 22 months of follow up because of upper gastrointestinal bleeding. A diagnosis of diffuse gastritis and duodenitis was made and he was advised to avoid aspirin.
Case 5. A 60-year-old black male was withdrawn at 2 months of follow up because he developed a duodenal ulcer. He had given no history of ulcer on admission to the study. He had no further TIAs or other evidence of cerebrovascular disease over 27 months of follow up.
None of the patients allocated to placebo had problems with bleeding or the development of a peptic ulcer.
